As a continuation of the previous investigations of the symmetric and strongly nonsymmetric ion-atom absorption processes in the far UV region within the models of the quiet Sun photosphere, these processes are studied here within a model of the sunspot. Here we mean the absorption processes in the H(1s)+H + and H(1s) + X + collisions and the processes of the photo-dissociation of the H + 2 and HX + molecular ions, where X is one of the metal atoms: X =Na, Ca, Mg, Si and Al. Obtained results show that the influence of the considered ion-atom absorption processes on the opacity of sunspots in the considered spectral region (110 nm λ 230 nm) is not less and in some parts even larger than the influence of the referent electron-atom processes. In such a way, it is shown that the considered ion-atom absorption processes should be included ab initio in the corresponding models of sunspots of solar-type and near solartype stars. Apart of that, the spectral characteristics of the considered non-symmetric ion-atom absorption processes (including here the case X = Li), which can be used in some further applications, have been determined and presented within this work.
INTRODUCTION
In the previous investigations the significant influence of the relevant ion-atom absorption processes on the solar photosphere opacity was already demonstrated. So, in Mihajlov & Dimitrijević (1986) ; Mihajlov et al. (1993 Mihajlov et al. ( , 1994 and Mihajlov et al. (2007) ) have been studied such symmetric ion-atom processes, as the molecular ion H + 2 photo-dissociation
and the absorption charge exchange in (H + + H)-collisions
where H=H(1s), H + 2 is the hydrogen molecular ion in the ground electronic state, and ε λ -the energy of a photon with the wavelength λ. The significance of these processes was established within the solar photosphere models from Vernazza et al. (1981) and Maltby et al. (1986) in the optical, and from Vernazza et al. (1981) in far UV and EUV regions of λ. Later, the symmetric processes (1) -(2) were included ab initio in one of the new solar photosphere models (Fontenla et al. 2009 ).
Then, in Mihajlov et al. (2013) was undertaken the investigation of some non-symmetric ion-atom absorption processes, namely the photo-dissociation and photo-association of the the molecular ions
and the absorption charge-exchange in the ion-atom collisions
where X is the ground state atom of one of metals, relevant for the used solar photosphere model, whose ionization potential IX is smaller than the hydrogen atom ionization potential IH, X + -the corresponding atomic ion in its ground state, HX + and (XH + ) * -the molecular ion in the electronic states which are adiabatically correlated (at the infinite internuclear distance) with the states of the ion-atom systems H + X + and H + + X respectively. These processes were examined within the same solar photosphere model as in Mihajlov et al. (2007) , i.e. the model C from Vernazza et al. (1981) , with X = Mg, Si and Al. Also, in accordance with the composition of the solar atmosphere, the processes of the type (3) -(5), but with atom He(1s 2 ) and ion H + instead H and X + , were included in the consideration. However, it was established that in the case of this atmosphere (for the difference of some helium reach stellar atmospheres considered in Ignjatović et al. (2014) ) such processes can be practically neglected. Since the ion-atom systems with the mentioned X are strongly non-symmetric, the examined processes generate the quasi-molecular absorption bands in the neighborhoods of λ which correspond to the energies ∆H;X ≡ IH−IX. According to the values of ∆H;X with the mentioned X these absorption bands lie in the part of the far UV region. We should note here that the photo-dissociation of the molecular ion HSi + was considered first time from the astrophysical aspect (interstellar clouds and the atmospheres of red giant stars) in Stancil et al. (1997) .
In Mihajlov et al. (2013) was shown that, in the case of the quiet Sun, ion-atom processes (1) - (2) and (3) - (5) together become seriously concurrent to some other relevant absorbtion processes in far UV and EUV regions within the whole solar photosphere. This result is especially important, since among all possible ion-atom non-symmetric processes only those of them, for which the needed data about the corresponding molecular ions were known, were taken into account. Because of that, it was natural to conclude that the non-symmetric processes (3) -(5) should be also included ab initio in the corresponding solar photosphere models.
One can see that the previous investigations of the ionatom absorption processes were performed only in the case of the quiet Sun. However, it is well known how significant role for the solar atmosphere the sunspots play, and certainly it was interesting to see what is the situation with these processes in such objects. Because of that, this investigation, whose some preliminary results were referred recently on a corresponding astrophysical conference Srećković et al. (2013) , was undertaken. All considerations were within the sunspot model M from Maltby et al. (1986) . Such choice was caused by the fact that only this model, among other models mentioned in the literature (see e.g. Fontenla et al. (2006) ), provided all data needed for the calculations of the absorption coefficients which characterize the considered absorption processes. Certainly, the ion-atom absorption processes of the type (3) -(5) were included in the considerations. However, here we take into account also additional processes of the molecular ion photo-dissociation and photoassociation
where X + * is the ion in excited state with the excitation energy Eexc(X + * ) ∆H;X and HX + * -the molecular ion in the electronic state adiabatically correlated with the state of the H + X + * system, as well as the corresponding collisional excitation
which realizes over creation of the quasimolecular complex (H + X + ) * in the excited electronic state adiabatically correlated with the state of the same system H + X + * as in the process (7). Depending of the values of Eexc(X + * ) the absorption bands generated by the processes (6) -(8) can lie not only in far UV region of λ, but also in near UV and visible regions. The reason for the consideration of these processes is the fact that the absorption bands generated by some of them overlap with the bands generated by the processes (1) -(2) and (3) -(5). If the radiative transition X + → X + * is allowed by the dipole selection rules the corresponding absorption band can be treated, as in the case of the similar phenomena caused by atom-atom collisions (Veža et al. (1998); Skenderović et al. (2002) ), i.e. as the satellite of the ion spectral line connected with the mentioned transition.
The basic task of this investigation is to estimate the significance of the symmetric and non-symmetric ion-atom absorption processes in the case of the sunspot with respect to the processes of the negative hydrogen ion H − photo-detachment and inverse "bremsstrahlung" in (e + H)-collisions, namely
where e and e ′ denote the free electron in initial and final channel, which, similarly to the previous papers, are treated here as the referent processes. It is connected with the concept of this paper which stays the same as in all previous papers. Namely, the aim of these papers (see e.g. Mihajlov et al. (1993 Mihajlov et al. ( , 2007 Mihajlov et al. ( , 2013 ) was to pay attention on the considered ion-atom radiative processes as the factors of the influence on the opacity of the solar atmosphere. For that purpose it was needed (and enough in the same time) to show that the efficiency of these processes in the considered spectral region is close to the efficiency of some known radiative processes whose significance for the solar atmosphere is accepted in literature. It is clear that in the case of this atmosphere just the electron-atom processes (9) and (10) can be taken as the referent ones. Because of that in these previous papers many other radiative processes have not been considered, including here the certainly very important processes of the metal atom photo-ionization, which were already discussed in the literature in connection with the quiet Sun atmosphere in Fontenla et al. (2011) . We mean the processes
where (X) * g denotes the given metal atom in the ground state, i.e. X, or in any possible (under the considered conditions) excited state, i.e. X * . However, within the sunspot we have a significantly smaller temperature than in the quiet Sun photosphere (see figure about model) and consequently it is possible to expect there more larger efficiency of these photo-ionization processes, so that the position of the mentioned electron-atom processes as the referent ones is not so clear. Because of that the processes of the metal atom photo-ionization were taken into account from the beginning of this investigation (some of them were considered already in Srećković et al. (2013) ). In accordance with above mentioned the following absorption processes are included in the consideration in this work: -the symmetric ion-atom processes (1) - (2); -the non-symmetric processes (3) -(5) with X = Na, Ca, Mg, Si and Al, for which the needed data about the corresponding molecular ions HX + are known; -the non-symmetric processes (6) - (8) (9) and (10); -the photo-ionization processes (11) with all metal atoms relevant for the used sunspots model, i.e. including the case X = Fe. Let us note that as in Srećković et al. (2013) only such nonsymmetric processes are taken into account here for which all needed data about the corresponding molecular ions are known from the literature.
It is well known that inside sunspot is needed to take into account the presence of its magnetic field. In connection with this we have to note that according to the existing data (see e.g. Penn & Livingston (2011) ) this field is always not larger than 4000 Gs. This is very important for us since it can be shown that in our further considerations the presence of such magnetic field can be completely neglected and all needed calculations can be performed as in the case of the quiet Sun.
The aims of this work request determination of the corresponding spectral absorption coefficients for all mentioned ion-atom processes, as well as for the concurrent absorption processes (9) - (10) and (11), as functions of λ and the height h above the referent solar atmosphere layer. In this context the processes (1) - (2), (3) - (5) and (6) - (8) are treated as the processes from the groups "1", "2" and "3" respectively, which is denotes by the corresponding index: j = 1, 2 or 3. Let us note that here the spectral characteristics of the non-symmetric processes of the type (3) -(4), but with X = Li, are also determined in rather wide regions of the temperatures and wavelengths. Namely, such processes could be of interest for lithium rich stellar atmospheres ("Li stars", Hack et al. (1997) ; Shavrina et al. (2001 Shavrina et al. ( , 2003 ) as an additional canal for the creation of the neutral lithium atoms.
All relevant matter is distributed below in five Sections and two Appendices. So, the expressions of the considered absorbtion processes are given in the Sections 2 and 3, together with the needed comments about the methods of their determination. The Section 4 contains the needed comments about used calculation methods. The results of the calculations of the spectral coefficients and other quantities, which characterize the relative efficiencies of the considered processes, are presented (with the corresponding discussions) in the Section 4, and in the last Section 5 are given some conclusions and are indicated directions of the further investigations. Then, the potential curves and dipole matrix elements of the molecular ions HX + with X = Na and Li, which are determined within this work, are given in Appendix A. Finally, some of the spectral characteristics of the processes (3) - (5) and (6) - (8), which can be used in some other applications, are presented in Appendix B.
THE SPECTRAL CHARACTERISTICS OF THE ION-ATOM ABSORPTION PROCESSES

The partial ion-atom absorption coefficients
The above mentioned ion-atom absorption processes, namely: -the photo-dissociation (bound-free) processes (1), (3) and (6), -photo-association (free-bound) processes (4) and (7), -absorption charge-exchange and collisional excitation (freefree) processes (2), (5) and (8) are illustrated by Fig. 1 . The efficiencies of these processes are characterized in this work by the corresponding partial spectral absorption coefficients denoted with:
iaX;2 (λ; h) and κ
In accordance with the previous papers these coefficients are given by the similar expressions, namely The hydrogen and metal ion densities N H + and N X + for the sunspot umbral model M from Maltby et al. (1986) . Right panel b: The local temperature T and the densities N (e) and N (H) of the free electrons and hydrogen atoms for the sunspot model M and referent model of the quiet Sun atmosphere from Maltby et al. (1986) .
where
iaX;j (λ, T ), where j = 2 and 3, are the corresponding rate coefficients. With T , NH, N H + and N X + are denoted here the local temperature and densities of the hydrogen atoms and ions H + and X + respectively, whose values are taken (for each h) from the used sunspot model of Maltby et al. (1986) . Here, as in the previous papers, it is understood that the photodissociation rate coefficients are defined by the known relations 
The total ion-atom absorption coefficients
The total efficiency of the symmetric ion-atom processes (1) -(2), i.e. group "1", is characterized here by the spectral absorption coefficient κia;1(λ; h), given by
In connection with the non-symmetric processes we will introduce firstly the total efficiencies of the processes (3) - (5) and (6) - (8), i.e. groups "2" and "3", for given X which are characterized by the spectral absorption coefficients κX;2(λ; h) and κX;3(λ; h). They are given by
where j = 2 and 3, and X is the metal atom relevant in these cases. Than, the total efficiencies of the whole groups "2" and "3", i.e. the non-symmetric processes (3) -(5) and (6) -(8) with all relevant X, are characterized by the spectral absorption coefficients κia;2(λ; h) and κia;3(λ; h) given by κia;j(λ; h) = Σ (X) j κX;j(λ; h), j = 2, 3,
where (X)j denotes that the summation is performed over all metal atoms relevant for the processes from the corresponding groups. As the consequence, the efficiency of symmetric and non-symmetric processes (3) - (5) is characterized by the spectral absorption coefficient κia;1−2(λ; h) given by κia;1−2(λ; h) = κia;1(λ; h) + κia;2(λ; h),
and the total efficiency of all considered ion-atom absorption processes -by the corresponding spectral absorption coefficient κia(λ; h), namely κia;1−3(λ; h) = κia;1−2(λ; h) + κia;3(λ; h),
where the coefficients κia;3(λ; T ) is given by Eq. (22).
THE SPECTRAL CHARACTERISTICS OF THE CONCURRENT ABSORPTION PROCESSES
The efficiency of the electron-atom absorption processes (9) and (10) are characterized here by the corresponding boundfree (bf) and free-free (ff) spectral absorption coefficients κ ea;bf (λ; h) and κ ea;f f (λ; h). They are taken in the usual form
from where it follows that the efficiency of these electronatom processes together is characterized here by the total absorption coefficient κea(λ; h) given by
where K ea;bf (λ, T ) and K ea;f f (λ, T ) are the corresponding partial rate coefficients. The first of them is defined by the known relations
where σ
H − (λ) is the spectral cross-section for the ion H − photo-detachment, the designation [...]T -is already defined above, and N (H) and the free electron density N (e) are taken from the used sunspot model. Than, the photo-ionization processes (11), which are connected with the metal atoms of the given kinds, are characterized here by the corresponding effective spectral absorption coefficient κ phi;[X] (λ; h), namely
where [X] marks the kind of the given metal atoms, N ([X]; h) -the mean local density of all these atoms, i.e. the atoms in the ground state and in all excited states atoms which are realized with existing Ne and T , and σ (phi)
[X] (λ; ) is the corresponding mean (for given T ) photo-ionization cross-sections.
THE CALCULATION METHODS
The ion-atom absorption processes
As it is known the spectral rate coefficients introduced in Eqs. (12) - (14) are calculated using the data about the relevant molecular ions characteristics. We mean the potential curves of the initial and final electronic states of the considered molecular ions and the corresponding transition dipole moments. The behavior of these characteristics as the functions of the internuclear distance R was already shown in the cases of the symmetric and non-symmetric (X = Mg and Si) ion-atom processes in Mihajlov et al. (2007) and Mihajlov et al. (2013) respectively. Also, it is illustrated here by figure in the Appendix A in the case X = Na. The potential curves and transition dipole moments needed for the non-symmetric processes (3) -(5) with X = Na and Li are determined within this work and presented in Appendix A. For other above described non-symmetric ion-atom processes they are taken from Mihajlov et al. In this work all mentioned ion-atom processes, excluding (2) and (8) with X + * = Ca + (3p 6 4p), have completely quantum-mechanical treatment, and the corresponding partial rate coefficients are determined in the same way as in Mihajlov et al. (2007) and Mihajlov et al. (2013) , where the whole procedure was described in details. Since the transition dipole moment of the system H + H + unlimitedly increases (with increasing of R), the partial rate coefficient for the free-free process (2) is determined here semi-classically, as it was described in Mihajlov et al. (1994) and Mihajlov et al. (2007) . Then, in the case of the nonsymmetric processes (6) - (8) with X + * = Ca + (3p 6 4p) the radiative transition Ca + (3p 6 4s) → Ca + (3p 6 4p) is allowed by the dipole selection rules and, consequently, quasi-molecular band generated by these processes represent a satellite of the corresponding ion spectral line. In this case the transition dipole moment approaches (when R increases) to constant = 0. Because of that the rate coefficient for this free-free process can be determined by now only semi-classically. However, in this case it is needed to use the semi-classical procedure which is described in Ignjatović et al. (2009) in connection with the ion-atom processes in helium-rich stellar atmospheres. Let us note that the spectral rate coefficients of the considered non-symmetric absorption processes, including the processes with X = Li, are presented here in the Appendix B.
The concurrent absorption processes
The electron-atom absorption processes (9) -(10) are described in this work similarly to Mihajlov et al. (1994) and Mihajlov et al. (2007) . Because of that the photo-detachment cross-section σ (phd) H − (λ) and the inverse "bremsstrahlung" rate coefficient K ea;f f (λ, T ) introduced in Eqs. (26) - (28), which cause the efficiencies of these processes, are determined here using the data presented in Stilley & Callaway (1970) and Wishart (1979) .
According to Eq. (29) the efficiencies of the processes (11) of the considered metal atoms photo-ionization depend on the densities N ([X]; h) of these atoms and on the mean photo-ionization cross-sections σ (phi)
[X] (λ; T ). These cross-sections for the atoms of all relevant metals (Na, Ca, Mg, Si, Al, Fe) are calculated here in the wide region of λ and T on the basis of the data from Travis & Matsushima (1968) . The densities N ([X]; h) are determined from Saha's equation, with given T , N (e) and the ion densities N (X + ). For that purpose is needed to know the corresponding partition functions Q [X] (T ; δX ), where δIX ≡ δIX(T ; N (e)) is the lowering of the ionization potential of the given ground state atom X. The calculation of the partition functions, which is the key element of the whole procedure of N ([X]; h) determination, is performed here on the basis of the data from Drawin& Felenbok (1965) .
However, because of this source of the data about the partition functions it is needed to stay for a moment on this point. The reason for this is the fact that the partition functions are calculated in Drawin& Felenbok (1965) for the values of δIX from the region which is limited from below with 0.1 eV, while in our case (N (e) ∼ = 10 12 cm −3 , T ∼ = 3500 K) we have that δIX ∼ 10 −4 eV. As it is known in the Saha's equation δIX appears also in the argument of its ex- Figure 3 . The plots of all considered absorbtion processes for log τ = 0 in the case of the sunspot (umbral model M from Maltby et al. (1986) ): Mg, Si, etc. -the abbreviations for the spectral coefficients κ phi;X of the metal atoms photo-ionization processes (11) with X = Mg, Si, etc.; κea -the electron atom processes (9) and (10) together (H − -continuum); κ ia;1 -symmetric ion-atom processes (1) and (2) together (H + 2 -continuum); κ ia;1−2 -ion-atom symmetric and non-symmetric processes (3) - (5); κ ia;1−3 -all ion-atom processes, including non-symmetric processes (6) -(8). ponent, but in the considered case δIX/kT 10 −3 and the influence of δIX on the values of that exponent can be completely neglected. However, the fact that existing δIX ≪ 0.1 eV has to be examined from the aspect of its influence on the partition functions. Namely, the moving of the value of δIX from 0.1 eV to about 10 −4 eV causes the increasing of the principal quantum number of the last realized excited atomic state from about 11 to about 200. It was shown that such increasing of the largest principal quantum number causes the increasing of the values of the partition functions only for about 0.5 percentage. This result means that the partition functions calculated by using the data from Drawin& Felenbok (1965), which relate to δX = 0.1 eV, were applicable for determination of the densities N ([X]; h).
RESULTS AND DISCUSSION
The sunspot model M from Maltby et al. (1986) , as well as its differences with the respect to the quiet Sun referent model, also from Maltby et al. (1986) , are illustrated by Fig. 2 . So, the part of this figure ("a") In accordance with the mentioned in the Introduction we should obtain firstly the picture which reflects the relative efficiencies within the sunspot of all symmetric and non-symmetric ion-atom processes (1) - (2), (3) - (5) and (6) - (8), as well as the electron-atom absorption processes (9) -(10) and metal atom photo-ionization processes (11). For that purpose the several plots of spectral absorption coefficients of all these processes were performed for the values of log τ between 1.0 and −1.0 in the region 70 nm λ 800 nm. We mean on the ion-atom coefficients κia;1(λ; h), κia;1−2(λ; h) and κia;1−3(λ; h), which are given by Eqs. (19) - (24), as well as on the electron-atom and photo-ionization coefficients, namely κea(λ; h) and κ phi;[X] (λ; h), which are given by (27) and (29) respectively. It was established that in the short wave part of this spectral region, generally we have the domination of the photo-ionization processes (11) in respect to all other considered absorption processes. So, for −1.0 log τ 0.5 the mentioned domination exists in the region λ 250 nm, but with the increasing of the value of logτ this region decreases and for log τ = 1.0 the region of this domination is λ 175 nm.
In the same time it was established that the electronatom absorption processes (9) -(10) can be treated now as the referent processes not only in the case of the quiet Sun photosphere, but also in the case of a sunspot. Moreover, for any value of log τ just these processes dominate in the best part of the whole considered spectral region in respect to all other absorption processes, including the processes (11). All mentioned is illustrated by Fig's. 3 and 4 which show the plots of all considered absorption processes for log τ = 0.5 and 0.0 respectively. Let us note that the plots for log τ = 0.5 were needed since just in the region log τ > 0.0 the density of the H + ions becomes very fast increasing.
In Fig's. 3 and 4 the plot of each of all considered photoionization processes (11) is shown separately. These plots are marked by designations of the corresponding atoms ("Mg", "Si", etc.). We draw attention that here was not planed to obtain the plot describing the total efficiency of all photoionization processes. Namely to obtain such a plot would be certainly useful in the context of the synthesis of the corresponding sunspot spectrum. However, such task is out of the frame of the present work.
The electron-atom processes (9) -(10), which are treated sometimes as the H − -continuum, are represented here by their common plot which in these figures is marked by κea. However, in accordance with the aims of this work, the examined ion-atom absorption processes are characterized by three corresponding plots, namely: one for the whole group "1", i.e. the symmetric processes (1) and (2), which are known also as the H + 2 -continuum; second for these first processes together with the non-symmetric processes of the group "3", i.e. (3) - (5); third for all considered ion-atom processes together, including the non-symmetric processes of the group "3", i.e. (1) -(2). These plots are marked here by "κia;1", "κia;1−2" and "κia;1−3" respectively. The presented ion-atom plots show that it was indeed necessary to take into account additional non-symmetric processes of the group "3". Namely, one can see that the inclusion of these processes significantly increases the total efficiency of the non-symmetric ion-atom absorption processes.
The figures 3 and 4 demonstrate that the total efficiencies of all considered symmetric and non-symmetric ionatom absorption processes in the region 110 nm λ 230 nm is of the same order of the magnitude as the one of the electron-atom processes (9) -(10) together (H − -continuum). However, here is needed to emphasis that in the significant part of this region these total efficiencies are close, or the ion-atom efficiency is even larger than electron-atom one.
From Fig. 2 one can see that the plasma temperature in sunspot (T ) is significantly smaller than in the case of the quiet Sun (T ref ) in the larger part of that region of log τ or h which is shown in this figure. Consequently, it was possible to expect that in this region the relative importance of the non-symmetric absorption processes (in respect to the (30), which characterizes the relative efficiency of all non-symmetric ion-atom processes in respect to the total efficiency of all ion-atom absorption precesses (the sunspot model M from Maltby et al. (1986) ). symmetric ones), at least for 110 nm λ 230 nm, will be larger than in the case of the quiet Sun. In order to test this assumption and to establish what is the contribution of all considered non-symmetric processes to the total ion-atom efficiencies in far UV region of λ we have determined the adequately defined quantity G ea (λ; h), given by equation (31), which characterizes the relative efficiency of all (symmetric and non-symmetric) ion-atom processes with respect to the total efficiency of the electron-atom absorption precesses (9) -(10) within the sunspot model M from Maltby et al. (1986) .
dominant in respect to the symmetric ones for h > 50 km, i.e. in the largest part of the region of h shown in Fig. 2 , but for -75 km h 50 km the efficiencies of the symmetric and non-symmetric processes are close. This fact shows that in the case of the sunspot (as in the case of the quiet Sun) it is useful to treat the symmetric and all non-symmetric ionatom absorption processes together. Finally, we will have to compare within the same part of the sunspot (which is shown in Fig. 2 ) the total efficiencies of the ion-atom and referent electron-atom absorption processes (9) and (10) together (H − -continuum) in the considered part of the far UV region of λ. Already this figure gives the possibility to expect that in the sunspot case these total efficiencies could be close at least in a part of the mentioned spectral region. It can be tested on the basis of the behavior of the quantity F (ia) ea (λ; h), defined by
where κea(λ; h) is given by Eq. 27. The behavior of this quantity (also for several values of λ from the far UV region) is illustrated by Fig. 6 in the same interval of heights: -125 km h 200 km. This figure shows that: for any of the taken λ the total efficiency of all ion-atom absorption processes is close, or even larger than the efficiency of the referent electron-atom processes (H − -continuum) in the largest part of the mentioned interval of h. This means that in the case of the sunspot it is needed to consider the discussed ion-atom absorption process in the mentioned part of the far UV region (110 nm λ 230 nm) always together with the referent electron-atom processes (H − -continuum). Consequently, the considered ion-atom processes should be also included ab initio in the corresponding models of sunspots of solar-type and near solar-type stars. Due to possible future investigations of these ion-atom processes, the needed spectral rate coefficients are determined and presented in Appendix B. Since the ion-atom processes of the type (3) -(5) with X = Li could be interesting in connection with the so called lithium stars (mentioned in the Introduction), the corresponding spectral rate coefficients are also presented in this Appendix.
CONCLUSIONS
From the presented material it follows that the considered symmetric and non-symmetric ion-atom absorption processes influence on the opacity of sunspots in the considered spectral region (110 nm λ 230 nm) not less and in some parts even larger than the referent electron-atom processes. The presented results show that further investigations of the non-symmetric ion-atom absorption processes promise that their efficiency could be increased considerably. Namely, the processes (3) -(5) with X = Fe were not considered here because of the absence of the data about the needed characteristics of the corresponding molecular ion. However the Fe component, according to Fig. 2 , gives the significant contribution to the electron density. Also, some of the possible processes of the (satellite) type (6) -(8) could be very efficient. It means that the inclusion in the consideration of all possible relevant non-symmetric ion-atom absorption processes would surely increase their total efficiency. Because of that, we take such inclusion as the task for the investigations in the nearest future. For this purpose, here are presented the spectral characteristics of the considered ionatom absorption processes which can be used in some further applications.
Finally, the presented results show that in far UV region the significance of the considered ion-atom absorption processes is sufficiently large that they should be included ab initio in the corresponding models of the sunspots. Apart of that, obtained results could be useful also in the case of different solar like atmospheres. The behavior of the spectral rate coefficients K X;j=3 (λ, T ), given by Eq. (21), which characterize satellite ion-atom non-symmetric absorption processes (6)- (7) with X + * =Ca + * .
tively, which can be used in some further applications, are presented here in the relevant regions of λ and T . Since the properties of the behavior of the similar spectral rate coefficients were already discussed (with quite a lot of details) in Mihajlov et al. (2013) , here they are shown in Fig's . B1 -B3 without additional comments.
